Analytical interference in laboratory assays is not only unpredictable but also an underestimated problem. Not recognising these interferences can lead to misdiagnosis and mismanagement of patients. We present a case of a patient with chest pain and ischaemic risk factors with incongruent biochemical results. These results were discovered to be due to the presence of macro-creatine kinase (macro-CK) in vivo interfering with the CKMB activity assay.
A 55-year-old female patient, previously diagnosed with biventricular cardiac failure, was admitted to the high-care ward at Universitas Hospital for optimisation of her anti-failure treatment. The left-sided cardiac failure was due to longstanding, poorly controlled hypertension, while the right-sided cardiac failure was secondary to the left-sided failure and obstructive sleep apnoea.
On day four of the admission she developed severe central chest pain. Her risk factors for ischaemic heart disease included: obesity class III (BMI = 54 kg/m 2 ), hypertension, hypercholesterolaemia and obstructive sleep apnoea.
The initial troponin T assay (Roche Elecsys 2010) was negative (< 0.03 ng/ml) but the total creatine kinase (CK) and CKMB activity (Beckman Coulter LX-20) was raised to 403 U/l (26-140 U/l) and 435 U/l (< 24 U/l), respectively, resulting in a CKMB percentage of > 100% (< 6%). The ECG showed no evidence of myocardial ischaemia. Cardiology was consulted and it was decided that the cardiac markers be repeated six, 12 and 24 hours later. Repeat biochemical analysis demonstrated the same incongruent cardiac marker pattern (Table 1) .
The persistent nature of the raised CKMB activity led us to suspect that interference was responsible for these results. Re-analysis of dilutions of the samples resulted in non-linear results. Non-linearity in immunoassays generally points to the presence of assay interference although it does not identify the source. We then treated the specimen with polyethylene glycol (PEG) according to a published operating procedure. 1 When PEG is added to a sample, proteins are excluded from areas in the sample occupied by PEG, raising their concentration in the remaining sample area until precipitation of the proteins occurs. Although various factors play a role, larger proteins are more prone to precipitation than smaller proteins at a given PEG concentration. Therefore PEG has been used to precipitate immune complexes from serum samples.
In our patient's sample, 60% of the CK activity was precipitated by PEG, which raised the possibility of the presence of macro-CK. As our assay has not been validated for the use of PEG, we used this to increase our index of suspicion only. 1 We confirmed macro-CK as the interfering compound with the reference method gel filtration chromatography (GFC). GFC is a separation method based on molecular weight (i.e. size exclusion principles). GFC demonstrated that macro-CK contributed 62.7% to the total CK activity and that the free CK (134 U/l) was well within the normal population reference interval (< 167 U/l) ( Fig. 1 ).
discussion
Macro-CK is a macro-molecular form of CK that forms and circulates in vivo. The macro-molecules are either CK molecules forming complexes with immunoglobulins (macro-CK type 1) or mitochondrial CK polymers (macro-CK type 2). The most common macro-CK type 1 described is a CK BB-IgG complex. It has been observed in a variety of clinical conditions, as well as in apparently healthy individuals, but no clear correlation has been demonstrated. 2 Macro-CK type 2, being a mitochondrial polymer, is found predominantly in severely ill patients suffering from malignancies or hepatic disease. 3 Prevalence is estimated at between 0.5 and 2.6%, but this is influenced by the methodology used and the population selected. 3 The exact mechanism resulting in CK molecules forming complexes with immunoglobulins remains largely unknown. Due to the high molecular weight of macro-CK, renal clearance is reduced, resulting in an increased half life of the complex. 4 CK does not have an extracellular catalytic function; so although of no pathological consequence to the patient, the macro-molecule retains enzymatic activity analytically and interferes with total CK and CKMB activity assays, leading to false positive results. 2 CK catalyzes the reversible phosphorylation of creatine and adenosine triphosphate (ATP) to form creatine phosphate and adenosine diphosphate (ADP). In the routine laboratory, total CK activity is commonly determined by measuring either the forward or reverse products of the reaction. 5 Several methods are available for the measurement of the CKMB isoenzyme.
In the CKMB immuno-inhibition activity assay, an antibody is used to inhibit the CKM moiety of the CKMB and the CKMM. The resultant CKBB and CKB moiety of the CKMB is then measured similarly to the total CK activity mentioned previously. This method is based on the premise that normally insignificant amounts of CKBB are present in the serum and therefore the CKB moieties measured reflect the amount of CKMB activity in the specimen. It is understandable then that the presence of macro-CK (most commonly a CKBB complex) will falsely elevate the CKMB activity result.
CKMB can also be measured by mass assay. The most common approach to measuring mass is with an immunometric method using antibodies directed against the M or B subunit. Because of the CKMB specificity of the antibodies used, interference poses less of a problem. 5 A disadvantage is that the mass assay is much more expensive.
An alternative approach to excluding macro-CK interference in a CKMB activity assay would be to have the specimen re-analysed, if available, with a mass assay. When macro-CK interference is suspected in a total CK assay, as requested for the diagnostic workup of muscle disorders or drug side effects, routine method alternatives are unfortunately not available. Screening by PEG precipitation or analysis by CK electrophore-sis or gel filtration chromatography remains the only option. These methods are available only in specialised laboratories.
Although cardiac troponin has become the preferred biomarker for cardiac damage, the 2007 American College of Cardiology and American Heart Association guidelines for the management of patients with unstable angina/non-ST-elevation myocardial infarction state that the determination of CKMB remains useful for the diagnosis of early infarct extension and periprocedural infarction. 6 Although CKMB mass assays are recommended, guidelines published in 2007 by the National Academy of Clinical Biochemistry and the International Federation of Clinical Chemistry state that CKMB activity assays are still an acceptable alternative to mass assays in institutions where mass assays are not available or feasible. 7 Analytically, troponin immunoassays are also not without problems. False positive results due to macro-troponin, as well as false negative results due to anti-troponin antibodies have been described. 4
Conclusion
Although well described, analytical interference due to macrocomplexes remains an underestimated and unrecognised problem. In our experience, clinical awareness is not optimal. Not recognising these interferences can lead to misdiagnosis and mismanagement of patients.
The patient's chest pain resolved spontaneously and she was discharged. On follow up, the patient has been well, despite the biochemical pattern remaining unchanged.
This case illustrates the importance of good communication between the clinician and the pathologist in optimising patient care. 
